
 

FOREST COVER CHANGE IN PENINSULAR 

MALAYSIA USING SATELLITE REMOTE 

SENSING DATA 

 

 

 

 

 

 

 

 

NAZARIN EZZATY BINTI MOHD NAJIB 

 

 

 

 

 

 

 

 

UNIVERSITI TEKNOLOGI MALAYSIA 

 



 

 

 

FOREST COVER CHANGE IN PENINSULAR MALAYSIA USING SATELLITE 

REMOTE SENSING DATA 

 

 

 

NAZARIN EZZATY BINTI MOHD NAJIB 

 

 

 

 

A thesis submitted in partial fulfillment of the requirements for the award of the 

Master of Science (Remote Sensing) 

 

 

 

 

 

Faculty of Geoinformation and Real Estate 

Universiti Teknologi Malaysia 

 

 

 

 

2015 

 

 

 



iii 

 

 

 

 

DEDICATION 

 

Million Thanks and Praise to Allah, 

for giving me better life and this gold opputurnity. 

I would like to dedicate this thesis for somebody that always be my priority in my 

life forever especially to: 

 

My beloved and lovely mom (Pn Suzanah binti Sulaiman) & My beloved and great 

father (En Mohd Najib bin Sabri)  

 

 

"Your heart is too big to be treated small, Your love is too precious to let go, 

You are the MAGIC of my life" 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



iv 

 

 

 

 

AKNOWLEDGEMENTS 

 

 

 In the name of Allah, Most Gracious and Merciful, and peace and blessings 

be upon the Prophet Muhammad, praise and gratitude for giving strength and 

guidance in order to carry out this study. 

 

 First of all, I would like to express my ultimate appreciation  with great honor 

to my master project supervisor, Assoc Prof. Dr Kasturi devi Kanniah of all the 

guidelines, guidance, advice, and brilliant opinion given to do this research.  

 

 Special thanks also to Malaysian Agricultural Department  and forestry 

Department for providing forest cover data to complete this thesis. I also owe my 

deepest gratitude to Mr Tan Kian Pang and Lecturers of Universiti Teknologi 

Malaysia whose always share their knowledge at any time. 

 

 This appreciation also goes to all the technicians of FGHT (En Mat,  En 

Aman, En Sharin, Sarah and Sofia).  

 

 With full of love not to forget my dearest and precious friend Fateen Nabilla 

binti Rasli, who always be there during hard and sweet moment of my life. To Nurul 

Amalin Fatihah,Hafsat, Mel, Noji and Nana, thanks for everything. Last but not least 

special thanks to my mentor my grandfather ~“Tokcu”.   

 



v 

 

ABSTRACT 

 

 

 

 

Forest balance the global ecosystem by maintaining sustainable interaction between 

living and non living things. Deforestation caused land to be fragile, and destroyed water 

catchment area. Soil will absorb large amount of water and eroded. The water that caught by 

the forest before flows unhindered to the river with the soil and cause extreme flood. Thus 

forest change should be monitored to maintain sustainable ecosystem. Sustainable forest 

management should be done to maintain future forest resources . Forest replantation have 

been done by forestry department. However, it is not sufficient to balance the ecosystem. 

Malaysia forest loss has been increased and recorded high rate of deforestation. Thus, 

continuous forest monitoring should be done.Remote sensing technology with the 

multispectral image that has high spatial, temporal, and radiometric resolution, possible to 

monitor the forest cover change in short period of time. The aim of this study is to 

investigate the forest cover change in Malaysia between 1990 and 2010 using Landsat and 

ALOS Palsar satellite images. CLASlite software used Landsat data, while ALOS Palsar use 

threshold to classify forest. Besides, comparison of forest cover from Support Vector 

Machine and Maximum Likelihood Classifier is carried out. Then the result is validated with 

Forestry Department statistics. Comparison of total forest cover from CLASlite, ALOS 

Palsar, land use map and forestry statistics also was being made. The change of forest is 

detected by selecting Iskandar and Kuala Lumpur area .CLAlite also show the deforestation 

and disturbance area in Peninsular Malaysia. Results show that a forest loss value is high, 

compare to forest gain value. Iskandar have forest loss about 54 966 hectare and gain 21 411 

hectare, while Kuala Lumpur loss about 2 521 hectare and gain 3 004 hectare of forest. The 

result of this study will be useful for Forestry Department to monitor the deforestation in 

Malaysia.  
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ABSTRAK 

 

 

 

 

Hutan penting dalam menyeimbangi ekosistem global dengan mengekalkan 

hubungan antara benda yang bernyawa dan tidak bernyawa. Penebangan hutan menyebabkan 

tanah menjadi rapuh, dan menghapuskan kawasan tadahan air. Tanah menyerap sebilangan 

besar air lalu terhakis. Air yang dahulunya diserap oleh hutan mengalir terus kedalam sungai 

bersama tanah dan mengakibatkan banjir. Maka, perubahan  hutan harus dipantau agar dapat 

mengekalkan keseimbangan ekosistem.Pengurusan hutan yang mampan harus dilaksanakan 

supaya dapat mengekalkan sumber hutan pada masa akan datang. Penanaman semula hutan 

telah dijalankan oleh jabatan perhhutanan. Namun, tindakan ini tidak mencukupi bagi 

menyeimbangi kestabilan ekosistem. .Kehilangan kawasan hutan di  Malaysia semakin 

meningkat dan menunjukkan kadar penebangan hutan yang tinggi. Maka pemantauan hutan 

secara berterusan harus dilaksanakan. Teknologi remote sensing dengan imej 

“multispectral” yang mempunyai resolusi “spatial”,“temporal”dan“radiometric” yang 

tinggi, ia berupaya memantau perubahan kawasan litupan hutan dalam tempoh yang singkat. 

Matlamat kajian adalah untuk mengkaji perubahan kawasan hutan di Malaysia diantara tahun 

1990 sehingga tahun 2010dengan menggunakan imej satellite Landsat dan ALOS Palsar. 

Bagi menganalisa perubahan, kawasan hutan perlu dikenal pasti. Perisian CLASlite 

menggunakan data Landsat manakala data ALOS menggunakan “threshold” bagi 

mengenalpasti kawasan hutan. Perbandingan kawsan hutan dari “Support Vector 

Machine”dan “Maximum Likelihood Classifier” dijalankan.  Hasil kajian disahkan dengan 

statistik hutan dari Jabatan Perhutanan Malaysia. Jumlah kawasan hutan dari CLASlite, 

ALOS Palsar, peta guna tanah and forestry statistics juga dijalankan.Perubahan hutan 

dikenalpasti dengan memilih Iskandar dan Kuala Lumpur sebagai kawasan yang kurang 

dilitupi awan. CLASlite juga menunjukkan kawasan penebangan dan pengurangan hutan. 

Hasil kajian menunjukkan perbezaan ketara antara kehilangan hutan dan pertambahan hutan. 

Jumlah kehilangan hutan di Iskandar sebanyak 54 966 hektar dan peningkatan kawasan 

hutan sebanyak  21 411 hektar, manakala Kuala Lumpur kehilangan kawsan hutan sebanyak  

2 521 hektar dan meningkat 3 004 hektar. Hasil kajian akan membantu pihak Jabatan 

Perhutanan bagi  memantau  penebangan hutan di Malaysia. 
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CHAPTER 1

IN TR O D U C TIO N

1.0 In troduction

Forest is a vital source o f life. It holds millions o f interactions between living and 

non living things. Almost all countries in this world have a forest cover. The critical 

issue that relates to forest nowadays is deforestation. Deforestation has been widely done 

from day to day ( http://environment.nationalgeographic.com/). This chapter will explain 

about the current situation o f forest and the study that will be carried out to detect the 

forest changes.

http://environment.nationalgeographic.com/
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1.1 Background Study

Malaysia is a country that has a high percentage o f tropical rain forest cover 

which is 84.46 percent (http://www.forestry.gov.my/). Location o f Malaysia in the 

humid tropics awarded the country's environment with unique species o f animals and 

plants. Tropical rainforest evolved millions o f  years ago and has its own ecosystem. 

Various ranges o f  organism share forest as their habitat from tiny microscopic 

organisms and fungus to the larger organisms (http://www.forestry.gov.my/). Records 

from forestry website showed that tropical rainforest contains habitat o f 17,631 species 

o f flora. In the category o f  flora, it includes 1,387 Briofit, 1,600 Ferns, 377 Algae, and 

its families, 4,180 Monocotyledons, 10,026 Dicotyledons and 61 Gymnosperms. While 

there are 9,563 species o f animals that consist o f birds, reptiles, mammals, amphibians, 

freshwater fishes, moth and butterflies and leaves beetles (http://www.forestry.gov.my/).

Because o f the richness o f M alaysian forest, it is important to have a sustainable 

ecosystem. The interaction o f the forest with the other creatures will provide a lot o f 

benefits to the forest itself. Forest provides habitat for the flora and fauna, while flora 

and fauna provide nutrient for the forest. Forests also are vital to human welfare. They 

help in controlling the flow o f w ater and maintaining water regulation quality, controls 

flood, pollination, soil conservation, nutrient and a part o f hydrological cycling (UNEP, 

2010). The tropics have a loss o f  forest each year with 2101 square kilometers per year 

(Hansen et al., 2013). Malaysian forest contributes a large amount o f profit for timber 

industry, which increases the income for the economic sector. National Timber Industry 

Policy stated that in 2008, estimated total merchandise exports o f timber products 

contributed RM22.5 billion to M alaysia's economy. Besides, timber economy has 

provided employment for about 300,000 workers (NATIP, 2009). Thus the timber

http://www.forestry.gov.my/
http://www.forestry.gov.my/
http://www.forestry.gov.my/
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product is an important source for Malaysian economy and more activity o f  logging will 

be carried out for timber supply.

The High Conservation Value Forest (HCVF) Toolkit for Malaysia aims to 

provide an outline for forest managers and other stakeholders to identify, manage, and 

monitor the forest cover (WWF, 2009). HCVF Toolkit is part o f a series o f toolkits that 

were developed under the WWF and IKEA Co-operation. HCVF Toolkit provides a 

practical method to identify or define High Conservation Values o f forest which it can 

be used at a national or regional level (Jennings et al., 2003). High Conservation Value 

Forests mean that forest area needs to be properly managed in order to maintain or 

enhance the value. In order to develop appropriate forest management globally, forest 

identification is the most important thing to be done (Jennings et al, 2003).

Several toolkits have been developed which are W atershed Protection, Erosion 

Control and Barriers to Destructive Fire. The HCVF toolkits concept was initially 

developed to be used in forest management certification and first published in 1999 

(Jennings et al, 2003). Changes in forest cover in terms o f deforestation or forest cover 

area loss will affect the delivery o f  important ecosystem services. For example diversity 

o f biodiversity, climate cycle, carbon content, and w ater control (Hansen et al., 2013). 

Forest influences the climate change by consuming carbon dioxide in their 

photosynthesis process. Carbon dioxide (CO2) is a key o f greenhouse gases that cause 

the increase the global temperature. Deforestation changes the global carbon cycle and 

affects the atmospheric concentration o f  CO2 (FAO, 2013). Landsat data global 

analysis, was done to improve the knowledge o f global forest scope and change by 

gathering information o f  gain and loss o f forest by using existing Landsat spatial 

resolution (Hansen et al., 2013). Forest loss was defined as tree cover canopy that is 

totally removed at the Landsat pixel scale (Hansen et al., 2013). Remote sensing
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techniques are used to ease the collection o f multispectral, multiresolution, and 

multitemporal data. They can be extracted into useful information and sources, in order 

to understand and monitor land cover changes, especially to study large area. In this 

case, it shows that remote sensing is very important in detecting forest change. Change 

detection is defined as identifying differences o f object state at the same location, but in 

a different time (Singh, 1989).

Identification o f  E arth 's surface features changes in a good manners provides a 

better understanding about the relationship between human and natural phenomena. 

Thus rightful action can be taken to provide better management and use resources. 

Multi-temporal datasets are very crucial data needed for change detection. It has been 

used to analyse the changes o f  temporal effects on the Earth surface. Because o f 

repetitive data acquisition, remotely sensed data is very suitable for use in forest 

monitoring. For example, Thematic M apper (TM), Satellite Probatoire d'Observation de 

la Terre (SPOT), radar and Advanced Very High Resolution Radiometer (AVHRR). 

Various change detection applications by researchers have used these data to implement 

in their studies (Lu et al., 2004). Therefore, remotely sensed data is very useful in order 

to detect the forest cover change in M alaysia and maintain the sustainable biodiversity o f 

forest and prevent forest loss.
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1.2 Problem Statement

Forest change includes gain and loss o f  forest area. Brazil that has high records 

o f deforestation was defeated by increasing forest loss in Indonesia, Malaysia, Paraguay, 

Bolivia, Zambia, Angola, and elsewhere. This shows that M alaysia's forest is facing a 

big problem (Hansen et al., 2013). Malaysia is the w orld 's largest exporter o f tropical 

forest resources , making timber the primary forest product in Malaysia (FDPM, 2000). 

In that case, it is one o f the major reasons for the decrease in the number o f  forests in 

Malaysia from 1987 to 2006.

Figure 1.1 shows the Principal Statistics o f  Forestry and Logging, from 1987 to

2006 in Malaysia. In 1987, the forest cover was very high and the production o f  logs 

was lower than the forest cover. But the high value o f forest area did not last long as it 

kept decreasing as the log production became higher. The highest log production was in 

the year 1992. While the forest area kept decreasing, log production became slower, but 

still higher than the forest area until the year 1998. This might be due to the action o f 

controlling the log production by the Forestry Department in order to preserve the forest. 

Thus, it shows positive changes in forest area for the next year. Because o f  the 

increasing number o f  forest cover, the log production started to increase again until the 

year 2000. Then, as the impact o f increment o f low production, the forest area decreased 

drastically and, thus led to the reduced number o f log production. But the next year 

showed that the log production was increasing and the forest area kept decreasing up till 

the year 1998. From this, it can be concluded that, the higher the log production the 

lower the forest area.
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45.000

F igure 1.1: Principal Statistics o f Forestry and Logging, 1987 - 2006, M alaysia 

(Source: Malaysia Forestry Department)

Although the action for forest gain has been done to overcome the deforestation 

problem, it is not enough to cover back the loss o f the forest. Malaysian Forest 

Department obtains forest resource information from forest inventories. Forest 

inventories in Malaysia consist o f Pre-Felling Inventories, Continuous Forest 

Inventories, and National Forest Inventory (FAO, 2002). M ost o f the research on forest 

gain and loss has been done globally, which does not include the forest cover change or 

change detection o f M alaysia forest from the year o f  1990 to 2010 using satellite 

imagery (FAO 2010). In fact, forest cover change with the help o f  remote sensing data 

will provide high accuracy o f  information for peoples' awareness and gives real time 

information. Thus, this study focuses specifically on the forest cover in Peninsular 

Malaysia using a multi temporal image o f Landsat satellite data.

In order to detect forest from Landsat data, CLASlite system is very useful. It is 

an automated system that can provide services o f spectral signal processing and
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advanced atmospheric correction (Asner, 2009). The Forest statistical system consumes 

a lot o f time, thus it brings major problem for the data collection purposes. (FAO, 2002). 

This is because the conventional way o f forest cover detection is still being used. 

However, recently the forestry department used satellite image to detect the forest cover, 

but this was not perfectly done (FAO, 2002). It is because the skill and knowledge about 

satellite image and system is still at a low level. In terms o f  system, there are three 

related systems, which are Geographic Information System (GIS), M anagement 

Information System (MIS), and a remote sensing system. These systems were developed 

by the forestry department to handle the forest cover data (FAO, 2002).

Unfortunately, in 1999 the project was terminated. Hence, the termination 

brought about incompletion and uninstallation o f  the GIS and MIS Systems integration 

(FAO, 2002). For knowledge limitation, this is related to definitions o f terms and 

classifications. Although, they knew about the definition o f  certain features o f land 

cover, but the skill and knowledge o f  their visual interpretation to classify them is at the 

low level (FAO, 2002). So, with the use o f knowledge in remote sensing image and 

remote sensing tools like CLASlite software, it will increase the speed o f  data 

acquisition and forest monitoring. Accurate detection o f  forest change area is also 

possible, thus the determination o f forest loss and gain can be determined. Malaysia has 

a very wide area o f forest cover, that contains a lot o f important and valuable natural 

resources. A critical issue that relate to forestry, are deforestation, sustainable forest 

management, timber certificate in trading and management o f the forest ecosystem. 

These issues does not only apply to Malaysia but worldwide (Razak, et al, 2005). So, it 

is important to preserve the forest cover and understand the reason for the depletion o f 

the area. From the rates o f depletion, remedial measures can be taken in order to restore 

the forest and provide the essential key for any terrain forest assessment (Sakthivel et al,

2009). This study will help to determine the forest loss area, which can be used for 

preservation and conservation practice planning and management. Hence, forest cover
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change study in Peninsular M alaysia must be carried out using satellite remote sensing 

data because the data can be easily obtained and at a low cost.

1.3 Aim and  O bjectives

The aim o f this study is to provide statistics on forest cover changes in Malaysia 

from 1990 to 2010 using remote sensing data.

The following objectives are formulated to achieve the aim o f the study

a) To classify forested areas in M alaysia using CLASlite program, Support Vector 

Machine (SVM), and Maximum Likelihood Classifier (MLC) algorithm.

b) To detect forest cover change in Peninsular Malaysia over a period o f 20 years.

c) To analyse the deforestation and degradation o f  forest on a selected regions in 

Peninsular M alaysia



9

1.4 Scope of Study

Forest coverage change was performed over Peninsular Malaysia using Landsat 

TM and ETM+ images. In addition to Landsat, the ALOS Palsar radar image was also 

used to discriminate palm oil area from forested areas. A lot o f development and log 

production to generate income occurred since 1990. Therefore, the period o f time from 

1990 to 2010 is an important period to study the changes o f forest cover with the 

available data from Landsat . However, due to the heavy cloud cover only two sub­

regions with less cloud cover were selected (Kuala Lumpur and Iskandar M alaysia) to 

analyse the deforestation and degradation o f forest cover between 1990 and 2010.

Landsat was launched from the year 1972 with multispectral sensors. Thus, in order 

to study the forest cover changes in Malaysia for the year 1990 to 2010, Landsat image 

is a very suitable to be used. The Landsat TM and ETM+ sensors continously store 

images that they capture since they were operating. Besides, United State Geological 

Survey (USGS) website provide a service where Landsat satellite data can be 

downloaded for free (http://slovis.usss.sov/). But, because Landsat is an optical satellite, 

it contains cloud cover in the image. The location o f  Peninsular M alaysia itself, which 

always under the cloud cover makes it quite difficult to get cloud free image. ALOS 

Palsar images were used for forest detection in Peninsular Malaysia. As ALOS Palsar is 

a radar data, it contains cloud free images. Furthermore, ALOS Palsar can separate 

forest and non forest area using the backscatter value that it gains (Shimada M e t al, 

2014). Thus the finding o f forest cover from ALOS Palsar was compared with the 

Landsat forest cover detection. ALOS Palsar data was only used for forest cover 

detection in this study because, ALOS Palsar was not develop during 1990, so forest 

change detection could not be carried out using ALOS Palsar data.

http://glovis.usgs.gov/
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This study used a CLASlite program to classify a forest area from Landsat data. 

CLASlite program produces fractional cover maps. Fractional cover maps consist o f 

three categories, the first one is live and dead vegetation which at the end will be 

extracted into forest and non forest cover. While the other two are bare soils and other 

substrates. Then automated decision tree is carried out by CLASlite in order to produce 

disturbance and deforestation map. This software, has been widely used to study the 

deforestation and forest degradation scenarios o f tropical forest sites worldwide (Asner,

2009). Besides that, Support Vector Machine Algorithm (SVM) and M aximum 

Likelihood Classifier (MLC) were also used to detect and classify forest cover in 

Peninsular M alaysia as a cross reference to CLASlite product. The results were validated 

using forest cover statistics obtained from the Forestry Department o f Peninsular 

Malaysia and landuse maps obtained from the Department o f Agriculture, Peninsular 

Malaysia. Sabah and Sarawak were not included in this study because o f the difficulty in 

obtaining forest cover data from Sabah and Sarawak forest department

1.5 Significance of S tudy

The study o f forest cover change in Peninsular M alaysia can contribute to the 

dataset for the Environment Performance Index (EPI) for forest field. EPI calculates 

nine issues in which each o f it fit under one o f two overarching objectives which are 

Environmental Health and Ecosystem Vitality. One of the nine issues that are 

calculated is forest. Forest was studied under forest cover change 

(http://epi.yale.edu/). M alaysian forest was at the rank o f 129 out o f 137 countries 

for the forest environmental index. Thus, studying forest cover change will 

contribute to a better forest cover management in Malaysia.

http://epi.yale.edu/
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The study on forest changes aims mainly at helping in the forest monitoring 

process where, the number o f  forest gain and loss can be predicted and will help 

Malaysian government to preserve forest from loss. So it is very beneficial especially 

to the Forestry Department to have accurate data of forest change. On the other hand, 

the results of forest cover change will help Malaysian Government to prepare and 

take brilliant action in preserving the forests in a better way by which they can 

estimate the quantity of the replantation needed to be done in order to cover the 

amount of forest loss.

CLASlite program was used in this study because it automatically classifies the 

forest area from Peninsular Malaysia. CLASlite can give a better result in terms o f 

forest detection and change, especially for tropical forest within a short period of 

time using remote sensing data. The compatibility o f this software allows the use o f 

Landsat data from the year 1990. The other studies that have been done for forest 

cover change were not located in Peninsular M alaysia and the CLASlite software 

was not used.

1.6 S tudy A rea

The area o f study is the Peninsular M alaysia area. The spatial data that was used 

in this study are the remote sensing images covering Peninsular Malaysia area. Malaysia 

is one o f  the developing countries in the world which are in the category o f  humid 

tropical climate. M alaysias' average daily temperature is about 21-32 degree Celsius. It 

is also one o f  the country that has a high rainfall rate, which is more than 2540 mm p.a 

with about 85 percent average humidity (FAO, 2006). Peninsular M alaysia annual 

rainfall occurs for a long period o f time, and the mean recorded is more than 1600 mm
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(Dale, 1959). Rainfall affected at the northern part from November to March and the 

southern part from June to August with monsoons that bring heavy rainfall. Less rain is 

experienced from April until May and from September until October, because the 

change o f monsoonal winds (FAO, 2006).

Peninsular Malaysia is covered by forest and swamps for about four-fifths o f  the 

region, agricultural zone located in the inland belt. As it is a suitable site for plantations, 

palm oil and rubber were planted widely in this area (FAO, 2006). Forest replantation 

was carried out in Malaysia in order to overcome the depletion possibility o f  timber 

resources (Malik et. al, 2013). The major contributor to the exports o f the country is the 

timber sector. National Timber Industry Policy stated that over the last 10 years, there 

were increasing trend in timber production except for 2001. The production declined to 

RM14 billion from RM17.7 billion from the previous year. The global economic 

recession was mainly the cause o f the declination for the year 2001 (NATIP, 2009).

For agricultural activities, palm oil and rubber become the main plantation 

efforts. In 2007, Malaysia recorded 15.8 M t o f crude palm oil production. W ith this 

successful achievement, M alaysia became the world largest palm oil exporter (Malik et. 

al, 2013). The M alaysian tropical rain forest is also the most suitable climate for other 

agricultural enterprises like mango and sugar cane. Cocoa plantation needs partial shade 

and richer soils, while the coconut is located along the coastal alluvium area in the 

Peninsular Malaysia area (FAO, 2006). This, shows that Malaysia has a lot o f 

agricultural activities that have been carried out and brings a lot o f profit to the 

economy.
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1.7 O rgan isation  of C hap ters

There are five chapters in this study, which are Introduction, Literature Review, 

Methodology, Result and Discussion, and Conclusion. The first chapter defines issues 

related to the forest cover change, the research problems and formulates the specific 

objectives o f  the project. While in chapter 2, presents a change detection method using 

remote sensing. The methods used to achieve the objectives o f the study are detailed out 

in chapter 3. The main results o f the study are discussed in the chapter 4. The last 

chapter concludes the study and provides recommendation for future works.
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